Objective: Both anorganic bovine bone (ABB) and β-tricalcium phosphate (β-TCP) are used in clinical practice as bone substitute materials, but there is limited data comparing these two materials in standardized defects. The aim of this study was to histologically evaluate the effectiveness of ABB and β-TCP in the healing of experimentally induced bone defects. Materials and Methods: Eighteen bone defects were created on the calvaria of six rabbits. In each animal, one defect was left untreated and the other two were filled with ABB and β-TCP. After one month, histological sections were prepared. Type and vitality of newly formed bone, percentage of new bone formation and residual material, thickness of trabeculae, inflammation and foreign body reaction were assessed. Results: The newly formed osseous tissue was vital in all defects and consisted of woven and lamellar bone. Mean percentages of new bone formation were 30.83±14.29%, 16.83±11.07% and 14.00±8.17% in β-TCP, ABB and control groups, respectively and the mean percentages of residual biomaterial were 24.17±14.01% and 36.50±8.43% in β-TCP and ABB groups, respectively. However, the differences were not statistically significant (all ps>0.05). Inflammatory infiltration was statistically higher in β-TCP compared to the control group (p=0.025), but the difference was not significant between β-TCP and ABB groups (p=0.083). Trabeculation thickness and foreign body reaction were not statistically different between β-TCP and ABB groups. Conclusion: β-TCP and ABB were not different with regard to the quantity and quality of newly formed osseous tissue. However, inflammatory infiltration was higher in sites filled with β-TCP.
INTRODUCTION
To replace a missing tooth with a dental implant, existence of the adequate bone is an essential prerequisite. Sometimes, there is a lack of available bone as a consequence of atrophy, trauma, failure to develop or surgical resection [1] . Several grafting materials including autografts, allografts, xenografts and alloplasts have been used for bone augmentation [2] . While autogenous bone is called as a gold standard [3] , harvesting a sufficient amount of autogenous bone is not possible in most cases. Anorganic bovine bone (ABB) has osteoconductive properties and is documented as a biocompatible material. Although several clinical investigations have demonstrated its favorable results, [1, 4] histological studies have shown variable degrees of residual material even after 3 years [5] . β-tricalcium phosphate (β-TCP) is a synthetic calcium phosphate ceramic used in regenerative therapy as an alloplastic material. However, there is controversy regarding its resorptive and regenerative potential. A number of reports have indicated good biodegradability and biocompatibility, while others have shown rapid degradation and weak mechanical properties [6] [7] [8] [9] [10] . To the best of our knowledge, there is limited data comparing these two materials with regard to the amount of bone formation and graft resorption properties [11] . The aim of this study was to compare these two materials in experimentally induced defects in rabbit calvaria.
MATERIALS AND METHODS
This study was approved by the Animal Care and Use Committee of Tehran University of Medical Sciences and was performed strictly in accordance with the recommendations of the Helsinki convention for the use and care of animals. Six white male New Zealand rabbits weighing 2.5-3.5 kg were maintained on standard laboratory chow with free access to water for 2 weeks prior to the first day of the experiment. The animals were anesthetized with intramuscular injections of 2% (5mg/kg) xylazine and 10% (40mg/kg) ketamin (Alafason, WOEDEN-HOLLAND). The surgical sites on the calvaria were shaved and scrubbed with 7% betadine for 5 minutes. After isolation, an anterior-posterior (cranio-caudal) incision was made with a No. 15 surgical blade and dermal and subdermal tissues along with the periosteum were retracted with a periosteal elevator. Three identical holes (3.1 × 6 mm) were created on the frontal and parietal bones by a round bur. For standardization, anatomical landmarks including the occipital process and craniocaudal suture were used. These two landmarks cross in the middle and form a plus sign (+). The defects were oriented on the right anterior, right posterior and left posterior aspects of the intersection of these landmarks. ABB (Bio-Oss®, Geistlich Biomaterials, Wolhusen, Switzerland; particle size: 250-1000 µm) and β-TCP (BioResorb®, Oraltronics, Bremen, Germany; particle size: 500-1000 µm) were used to fill two of the defects, leaving one hole unfilled which served as control. Then, the periosteum and skin were sutured. After transferring the rabbits to their cages, enrofloxacine (0.7 ml/day) and florbiprofen (0.3 ml/day) were injected subcutaneously for 5 to 7 days. All animals were sacrificed after a 1-month healing period by an overdose of pentobarbital (100mg/kg), injected intravenously. After sacrifice, dermal and mucosal tissues of the calvarium were separated with a #15 surgical blade and the entire calvarium was removed using a reciprocating saw. The specimens were fixed in 10% formalin for 14 days and immersed in 10% formic acid for another two weeks until decalcified. All samples were retransferred to formalin for 48 hours before final preparation for sectioning.
Ten histologic sections with a thickness of 5 µm were prepared from each defect and stained with hematoxilin and eosin. Inflammation, foreign body reaction, bone vitality, bone quality, thickness of bone trabeculae, percentage of residual biomaterial and newly formed bone were assessed in the bases of the defects by a light microscope (BX41, Olympus Co., Tokyo, Japan) at a magnification of ×40. Inflammation was graded using a five-tiered grading system as follows: 0, no inflammatory cells; I, little and scattered inflammation; II, focal inflammation with 5 to 10 inflammatory cells; III, focal inflammation with 10 to 50 inflammatory cells; and IV, focal inflammation with more than 50 inflammatory cells. Foreign body reaction was determined by the presence of multinucleated giant cells in granulomatous response. Observation of osteocytes in trabecular lacunae confirmed bone vitality. Bone quality was recorded as woven bone alone, both woven and lamellar bone, and lamellar bone alone. An eye-piece micrometer was used to measure the thickness of bone trabeculae. Trabeculation thicknesses of >60 µm, 20-60 µm, and 1-20 µm were considered as grades I, II and III, respectively. Digital photograph was taken for each sample at a magnification of ×40 and the percentage of residual material and newly formed bone were calculated using Adobe Photoshop 7.0 software.Statistical analyses were performed using ANOVA, Friedman and dual competition post Hoc tests.
RESULTS
The newly formed osseous tissue was vital in all specimens. All specimens showed mild inflammatory infiltrations (grade I and II). All of negative controls, 75% of the ABB, and 16.7% of the β-TCP specimens demonstrated grade I inflammation and other samples showed grade II inflammation. Overall, β-TCP showed more inflammatory infiltration compared to the control group (p=0.025). Foreign body reaction was positive in four out of 6 defects filled with β-TCP. However, this reaction was observed in 2 out of 6 defects of the ABB group and none of the control group as expected. The difference between β-TCP and negative control groups was statistically significant (p=0.046). The newly formed osseous tissue was consisted of both woven and lamellar bone in all specimens.
Regarding the thickness of bone trabeculae, 16.7% and 83.3% of the negative controls were grade I and II, respectively; 33.3% and 66.6% of the ABB samples were grade I and II, respectively; and 50%, 33.3% and 16.7% of the β-TCP specimens were grade I, II and III, respectively. However, according to Friedman test the differences were not statistically significant (p=0.846). According to repeated measure ANOVA test, the mean percentage of new bone formation No statistically significant differences were seen among groups in this regard (p>0.05). The mean percentage of residual material in the defects filled with ABB and β-TCP was 36.50±8.43% and 24.17±14.01%, respectively. However, the difference between groups was not statistically significant (p>0.05) (Figure 2 ).
DISCUSSION
This study was designed to compare bone healing after application of two osteoconductive graft materials (ABB and β-TCP) in experimentally induced bone defects in rabbit calvaria. Since the embryonic process of development of both alveolar bone and calvaria vault are through intramembranous bone formation, calvaria of the rabbit was selected as the experimental site to make a more proper comparison. Biomaterials used in bone grafting procedures have been shown to influence modeling, remodeling and healing of osseous tissues. These substances are also known to enhance and stimulate bone formation via osteogenesis, osteoconduction or osteoinduction [2] . The remodeling process lasts for 3 to 6 months in humans and 6 weeks in rabbits [12] .
According to Schallhorn [13], the essential properties of an ideal grafting material is biologic acceptability, predictability, clinical feasibility, minimal operative and postoperative complications and patient acceptance. The results obtained in the present investigation demonstrated no adverse inflammatory consequences following application of β-TCP and ABB. Although the inflammatory infiltration was more in defects filled with β-TCP, inflammatory reactions were slight in all specimens. In this study, foreign body reaction was observed in 16.7% and 66.7% of the ABB and β-TCP cases, respectively. This was in accordance with the findings reported by Ogose et al. [9] who evaluated the histologic characteristics of β-TCP in the human femur and found osteoclast-like giant cells surrounding β-TCP particles. Degradation of graft materials may be considered as a positive characteristic if replaced by newly formed vital bone. Previous investigations have shown that β-TCP has prominent bioresorbable properties [9] . In the current study, the resorption and bone formation induced by β-TCP was slightly greater than ABB, but a significant difference was not found between the two materials. The results of this study are in accordance with the study of Tamimi et al [14] . The amount of newly formed bone in osseous defects is probably one of the most important factors for determining regeneration. Considering that both materials showed desirable healing properties, β-TCP and ABB seem to qualify as acceptable grafting biomaterials. Artzi et al. used ABB particles in fresh human extraction sockets and found 82.3% new bone formation [15] . Ogose et al [9] observed a considerable amount of newly formed bone on β-TCP particles, 4 weeks after grafting. They reported excellent osteoconductive and resorptive properties for β-TCP in human osseous tissues. Wada et al. [10] used fresh autogenous bone, allogenic decalcified freeze-dried bone, and β-TCP for the treatment of experimental furcation defects. Regeneration was more prominent following application of autogenous bone as compared to the other two substances.
CONCLUSION
According to the results of the present study, β-TCP and ABB may have similar osteoconductive properties and there are no significant differences between these two materials with regard to the quantity and quality of newly formed bone. However, inflammatory infiltration is higher in sites filled with β-TCP.
